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Abstract— The objective of this paper is to discuss on the 
effectiveness of visualizing online 3D terrain draped with 
different satellite imageries. The study area is at the Universiti 
Putra Malaysia, Serdang, Selangor, Malaysia. Topographic data 
of the study area is obtained from the contour maps of this area. 
High resolution satellite imageries of the same areas used in this 
project involved QUICKBIRD (0.6 meter resolution) and 
IKONOS (1 meter resolution). The R2V software is used for 
editing the contour data and Arc GIS used for overlaying the 
imageries over the 3D terrain data. Then the data is exporting 
into the Virtual Reality Markup Language for comparing the 
effectiveness of different satellite imageries. The effectiveness is 
compared based on the data size, imageries size, number of 
images tile, uploading time, frame per second and visualization 
quality. The results will suggest which satellite imageries is better 
for developing an effective online 3D terrain visualization 
utilizing GIS data. 
 
Keywords— Put your keywords here, keywords are separated by 
comma. 
I. INTRODUCTION 
The number of internet users are increasing almost everyday. 
In Malaysia, the number of dial up internet users are high, 
especially in the rural areas, accumulating to about 4 million 
[3]. This shows the importance of the internet to people. 
Concurrent with these, the growth of satellite technologies 
also rapidly change from time to time where almost every year 
a new satellite is launched into orbit. Stoney [5] has provided 
extensive review on the number of satellites launched for 
Remote Sensing from 1972. There are many satellites 
available around the world such as SPOT, IKONOS, 
QUICKBIRD, World View, and Landsat. Malaysia will 
launch it’s second satellite, the Razaksat in mid-2009. Due to 
the increase in internet usage and greater availability of 
satellite imageries, systems that utilize online 3D visualization 
such as Google Earth, Microsoft Virtual Earth, and NASA 
World Win are also on the increase. These systems use terrain 
information as core data in their 3D visualization. Data 
draping of satellite imageries over the GIS layer with attribute 
information introduced by Limp [7] is used in these systems. 
This technique was first introduced by Brodlie [1]. However, 
the data displayed by the current systems especially the case 
of 3D terrain overlaid by satellite imageries is still low in 
quality and has limitations to be used for analysis. That is why 
the study on the effectiveness of online 3D terrain 
visualization using different satellite imageries should be 
performed. This study involves Virtual Reality Markup 
Language (VRML) as the main part. Many researchers have 
been used this technology for visualizing online 3D terrain 
with different techniques for improving performances such as 
tiles technique, progressive technique, and selective 
visualization [4] [6]. The satellite data used in this study will 
be divided into three different areas which have three different 
sizes (34.5 hectares, 69 hectares, and 138 hectares). The same 
area will be clipped from QUICKBIRD imageries and 
IKONOS imageries to maintain similarity for comparing the 
results. Clipping of satellite imageries will be performed by 
using the PCI Geomatica software. Based on the area setting 
for the satellite imageries, the topographic data also will be 
cropped with the similar coverage as the satellite data. Arc 
GIS software is used for implementing terrain draped with 
satellite imageries. The outputs were exported to VRML file 
for using it online. As reported by Ruzinoor [2], Arc GIS is 
the best software for performing this process because the 
satellite imageries are separated into tiles while converting to 
VRML. This will help to increase the performance of data 
streaming from the web server. The quality of   3D terrain 
visualization is also very good as compared to software where 
the imageries of the object can be identified clearly. Each data 
from different satellite imageries will then be launched into 
different Uniform Resource Locators (URLs). The 
comparison for the effectiveness of 3D terrain draped with 
satellite imageries will be made based on data file size, 
imageries size, number of images tile, uploading time, frame 
per second and visualization quality. The results will be the 
basis of discussion to suggest which of the two satellite 
imageries being compared is better for online 3D terrain 
visualization. 
II. METHODOLOGY 
The data used in this study consist of contour data and 
satellite data of Universiti Putra Malaysia (UPM). The 
satellite data consist of two different set which are 
QUICKBIRD (0.6m resolution) and IKONOS (1m resolution). 
The satellite data was provided by Taman Pertanian Universiti 
UPM. As mentioned before the satellite data is divided into 
three different areas. The size of data for one area compared to 
other area is twice between each area. The contour data also 
separated into the same size as three areas for both satellite 
data. Arc Map was used to separated the contour data into 
three different areas. Both satellite data used the same contour 
data for overlaying it with satellite imageries. The 
methodology of this study consisted of two steps which are; a) 
contour and satellite data clipping b) online terrain draped 
with satellite imageries implementation. The methodology 
will be discussed in more detail on the next two sections. 
 
A. Contour and Satellite Data Clipping 
In order to be separated into three different sizes, the 
contour and satellite data need to be clip. Both contour and 
satellite data need to be fit exactly the same size in order to 
make the process of overlaying successful. This is where the 
accuracy of the data is important. If the clipping is not carried 
out correctly or in the wrong sequence, the accuracy of the 
resulting data will be lower. But if it is done correctly, the data 
will maintain its high quality.  
The sequence of clipping process started by clipping the 
contour data then followed by clipping the satellite data. 
AutoCAD software was used for setting the block of contour 
data during the clipping process. Three different sizes of 
blocks were set to be double size between each other. There 
were three contour block data used for this study. This layer 
for creating the block was made on top of contour data in 
DXF. It will maintain the same projection and coordinate for 
clipping process. The block is saved in DXF file. Then Arc 
Map was used for the clipping process. The contour data is 
clipped based on the block setting before. The clipping is 
performed one by one block for both satellite data. The file 
then was saved in SHP files. This file had a problem with the 
height of the contour and also some of the contour lines were 
disjointed. The height value of the contour is misplaced and 
had a wrong value after the clipping process. R2V is used for 
editing the height value of the contour. This software was 
used because it can do the joint between the vector data 
automatically. R2V software is good for digitizing purpose 
and also converting raster to vector. The main two coordinates 
on upper left and lower right of each contour block were taken. 
These coordinates will be used for satellite data clipping. Fig. 























Fig. 1 Image of the contour data for data size of 68 hectares 
 
PCI Geomatica V 9.1 software was used to clip the satellite 
data. Before it can be clipped, the satellite data needs to be 
converted into GeoTIFF format. The Global Mapper software 
was used for this purpose. First the satellite data is opened. 
Then the clipping/subsetting function is used before the 
clipping region is defined. The coordinate of this region is 
based on the coordinate taken from the contour data block. 
This will maintained the same study area for the next 
overlaying process. The first area for data 34.5 hectares is 
414020.75 East, 332158.5 North for upper left and 414307.5 
East, 331883.5 North for lower right. The second area for data 
69 hectares is 413734.0 East, 332433.5 North for upper left 
and 414307.5 East, 331883.5 North for lower right. The third 
area for data 138 hectares is 413160. 5 East, 332983.5 North 
for upper left and 414307.5 East, 331883.5 North for lower 
right. All of these three areas for clipping process are applied 
to both satellite data QUICKBIRD and IKONOS. Lastly the 
data was saved in TIFF format. Fig. 2 – 4 shows the data for 
each area of both satellite data. 
 
  
                   IKONOS                                        QUICKBIRD                      
Fig. 2 Image of satellite data for 34.5 hectares area of both satellites 
 
  
                   IKONOS                                        QUICKBIRD                      
Fig. 3 Image of satellite data for 69 hectares area of both satellites 
  
                   IKONOS                                        QUICKBIRD                      
Fig. 4 Image of satellite data for 138 hectares area of both satellites 
 
B. Online Terrain Draped with Satellite Imageries 
Implementation 
The implementation of online terrain draped with satellite 
imageries is performed by using the Arc GIS 9.2 (Arc Scene) 
software. This software is chosen for this process because Arc 
GIS 9.2 (Arc Scene) is found to be the best in term of high 
quality of terrain visualization, high speed of uploading time 
and creating image tiles after converting to Virtual Reality 
Markup Language (VRML) [2].  This study will applied the 
same methodology as implement by Ruzinoor [2]. Fig. 45 

















Fig. 5 Procedure of terrain draped with satellite imageries by  
using Arc GIS 9.2 (Arc Scene)  
(adopt from Ruzinoor [2]) 
 
The process started by adding the SHP files of the first 
contour area for each of the satellite data into project in Arc 
GIS 9.2. Every area has a different project file of Arc GIS 9.2. 
Overall there are six project files created for this study where 
three projects file for each type of satellite data. The data is 
then converting into Triangular Irregular Network (TIN) layer 
based on the height of the contour. The satellite images are 
later adding to the project. In order to drape satellite images 
over terrain, image properties of the satellite images were 
opened. It needs to be set at based height where the image of 
satellite is set to be based on the TIN layer created before. 
This layer of satellite images will automatically turn into 3D 
view of terrain which consists of TIN and satellite images. 
TIN layer was turned off to view only 3D terrain draped with 
satellite imageries. This 3D view now can be animated, 
panning, zooming, and edited. Lastly, this data were exported 
to VRML file. These processes created one VRML file and 
several images tiles based on the size of satellite imageries. 
For example, the data for 34.5 hectares of IKONOS will 
created one VRML file with size of 69 Kb and four images 
tile with total file size is 280 Kb (see Fig. 6 for details). The 
whole process of creating the terrain draped satellite imageries 
were repeated to the other five satellites data. The result of the 
whole data will be explained in the next section. 
 
 
Fig. 6 Image of VRML files and Image Tiles for data 34.5 Hectares 
III. RESULT AND DISCUSSION 
The result in this study was done by performing four 
experiments with two different set of satellite imageries. The 
first experiment started with the data size of 34.5 hectares 
continued with data size of 68 hectares and end with data size 
of 138 hectares. The criteria for comparing the results is based 
on the data size, imageries size, number of images tile, 
uploading time, frame per second (fps) and visualization 
quality. The Fraps 2.9 software by Beepa Pty Ltd 
(http://www.fraps.com) was used for testing fps of VRML 
files online. This software automatic detected number of fps 
by running the animation of the files. All of these criteria were 
tested into two different set of satellite imageries which were 
IKONOS and QUICKBIRD. In order to perform the test, six 
VRML files were launched into the Internet server. The next 
four sections will explain the result and discussion of the 
experiment done.  
A. Comparison of Data for 34.5 Hectares 
The first experiment started with comparing two satellite 
imageries with the size of 34.5 hectares. Before started the 
experiment, the VRML files need to be launched into the web 
server. The VRML files for this experiment were launched to 
“http://spatial.upm.edu.my/idm/blok1ik.wrl” and 
“http://spatial.upm.edu.my/idm/blok1qb.wrl”. Fig. 7 shows 
the output of online terrain draped with satellite imageries for 
IKONOS with data size 34.5 hectares. Fig. 8 shows the output 
of online terrain draped with satellite imageries for 
QUICKBIRD with data size 34.5 hectares.  
 
 
Adding the SHP file 
Convert data into TIN format 
Adding the Satellite Image file 
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Fig. 7 Image of online terrain draped with IKONOS  
satellite imageries with data size 34.5 Hectares 
 















Fig. 8 Image of online terrain draped with QUICKBIRD  
satellite imageries with data size 34.5 Hectares 
 
The result shows that the quality of terrain visualization in 
both visualization images is good where almost every objects 
were clearly defined. For example the location of the hill can 
be identified by both visualization images when zooming 
closed to the hill area. The hill was covered by small amount 
of tree closed each other. The different is that the coverage 
area of IKONOS is bigger than QUICKBIRD. Table I shows 
the results of the comparison between two satellite imageries 
IKONOS and QUICKBIRD with data size of 34.5 hectares.  
TABLE  I 
THE COMPARISON BETWEEN TWO SATELLITE IMAGERIES IKONOS AND 
QUICKBIRD WITH DATA SIZE OF 34.5 HECTARES  





Original file size (TIFF)  79Kb 215Kb 
VRML file size 69Kb 85Kb 
Image File size 271Kb 294Kb 
No. of  Image Tiles 4 tiles 4 tiles 
Loading time 
(office hours) 11.94sec 7.18sec 
Loading time 





Frame per second 32.5 fps 33.2 fps 
Terrain visualization  
Quality Good Good 
No of polygon 360 457 
 
The results show that the number image tiles after 
converting to VRML files is the same for both satellite 
imageries with four tiles each. This may be due to small 
amount of original data size for both data which is about 
200Kb. The amount of image file sizes increased dramatically 
compared to the original image size before converting to 
VRML files. This is shown in IKONOS column where it 
increased for about 3 times from the original. The loading 
time during out of office hours is faster than during office 
hours for about 2.96s (IKONOS) and   0.39s (QUICKBIRD). 
But compare of both satellites data for both loading times, 
QUICKBIRD stated faster loading time which is less than 7.5s. 
In term of frames per second, QUICKBIRD data stated the 
best fps which is 33.2 fps compared to IKONOS 32.5 fps. 
This situation should not happen because number of polygon 
for QUICKBIRD is bigger than IKONOS for about 97 
polygons. This will delay the fps for QUICKBIRD during the 
movement of object between frames in one second. This also 
occurred in loading time where QUICKBIRD stated the best 
time for loading the data although the number of polygon for 
QUICKBIRD is bigger than IKONOS. In conclusion, both 
satellite imageries have its own advantages and the different 
between both data is not much where both data has a good 
quality of visualization. 
B. Comparison of Data for 69 Hectares 
The second experiment was comparing two satellite 
imageries with the size of 69 hectares. This experiment start 
with launching the VRML files into the web server. The 



















Fig. 9 Image of online terrain draped with IKONOS  
satellite imageries with data size 69 Hectares 
 















Fig. 10 Image of online terrain draped with QUICKBIRD  
satellite imageries with data size 69 Hectares 
Fig. 9 shows the output of online terrain draped with satellite 
imageries for IKONOS with data size 69 hectares. Fig. 10 
shows the output of online terrain draped with satellite 
imageries for QUICKBIRD with data size 69 hectares.  
The result shows that the quality of terrain visualization in 
both visualization images also was good where almost every 
object was clearly defined. For example the location of the 
lake can be identified by both visualization images when 
zooming closely to the lake area. The clarification made the 
lake not positioned in the hill area. This time the coverage 
area of IKONOS is almost same as QUICKBIRD. Table II 
shows the results of the comparison between two satellite 
imageries IKONOS and QUICKBIRD with data size of 69 
hectares.  
TABLE II 
THE COMPARISON BETWEEN TWO SATELLITE IMAGERIES IKONOS AND QUICK 
BIRD WITH DATA SIZE OF 69 HECTARES  
 





Original file size (TIFF)  303Kb 832Kb 
VRML file size 154Kb 221Kb 
Image File size 673Kb 1.14Mb 
No. of  Image Tiles 9 tiles 16 tiles 
Loading time 
(office hours) 14.23sec 29.55sec 
Loading time 





Frame per second 32.7 fps 32.3 fps 
Terrain visualization  
quality Good Good 
No of polygon 809 1197 
 
The results show that the number image tiles after 
converting to VRML files is different about 7 tiles for both 
satellite imageries which is 9 tiles and 16 tiles. This is may be 
due to bigger amount of original data size for both data which 
was between 303Kb and 832Kb. This time the amount of 
image file sizes for both satellite data increased almost two 
times after converting to VRML files. The loading time for 
both satellites during out of office hours and during office 
hours is stated interchangeable. IKONOS data has faster 
loading time during office hours with different about 5.13s 
compared to QUICKBIRD data has faster loading time during 
out of office hours with different about 4.8s. The loading time 
during out office hours and office hours is faster on IKONOS 
data. This is true because the amount of VRML file size, 
image file size, number of tiles, and number of polygon for 
IKONOS data is smaller compared to QUICKBIRD data. In 
term of frames per second, there is not much different the 
amount of fps between both data. The different is very small 
for about 0.4 fps where IKONOS data stated the best fps 
which is 32.7 fps compared to QUICKBIRD which is 32.3 fps. 
This is true because the amount of image file size and number 
of polygon for QUICKBIRD data is bigger than IKONOS 
data. Lastly the number of polygon for QUICKBIRD data is 
bigger than IKONOS data for about 388 polygons. In 
conclusion, the IKONOS data is good in all criteria compared 
to QUICKBID data. 
 
C. Comparison of Data for 138 Hectares 
The third experiment was also comparing two satellite 
imageries but with much bigger area sized which is about 138 
hectares. These experiments also start with launching the 
VRML files into the web server. The same web server was 
used. The VRML files for this experiment were launched to 
“http://spatial.upm.edu.my/idm/blok3ik.wrl” and 
“http://spatial.upm.edu.my/idm/blok3qb.wrl”. Fig. 11 shows 
the output of online terrain draped with satellite imageries for 
IKONOS with data size 138 hectares whilst Fig. 12 shows the 
output of online terrain draped with satellite imageries for 


















Fig. 11 Image of online terrain draped with IKONOS  
satellite imageries with data size 138 Hectares 
 
















Fig. 12 Image of online terrain draped with QUICKBIRD  
satellite imageries with data size 138 Hectares 
 
The result shows that the quality of terrain visualization in 
both visualization images also good where almost every object 
was clearly defined. For example the object such as four lakes, 
housing area, and mosque are located in the right placed but 
not the houses that were placed in deep slope. The coverage 
area of IKONOS data was the same as QUICKBIRD data. 
The different is that the line which representing the tiles is 
obviously seen in same placed inside the IKONOS data. This 
line should be hidden to increase the quality of visualization 
images. Table III shows the results of the comparison between 
TABLE IV 
THE COMPARISON BETWEEN TWO SATELLITE IMAGERIES IKONOS AND QUICK BIRD WITH DATA SIZE OF 34.5 
HECTARES, 69 HECTARES, AND 138 HECTARES  
two satellite imageries IKONOS and QUICKBIRD with data 
size of 138 hectares.  
TABLE III 
THE COMPARISON BETWEEN TWO SATELLITE IMAGERIES IKONOS AND QUICK 
BIRD WITH DATA SIZE OF 138 HECTARES  





Original file size (TIFF)  1,115Kb 3,714Kb 
VRML file size 286Kb 329Kb 
Image File size 1.23Mb 1.31Mb 
No. of  Image Tiles 16 tiles 16 tiles 
Loading time 
(office hours) 30.96sec 30.42sec 
Loading time 





Frame per second 35.1 fps 34.8 fps 
Terrain visualization  
Quality Good Good 
No of polygon 1496 1759 
 
The results show that the number image tiles after 
converting to VRML files is same for both satellite imageries 
with 16 tiles each. This is may be due to the bigger amount of 
original data size for both data which is more than 1,000Kb.  
The amount of original file size, VRML file size, and number 
of image tiles for QUICKBIRD data were much more higher 
compared to IKONOS data. For both data, the loading time 
during out office hours is faster compared to loading time 
during office hours. This is true because the traffic for internet 
bandwith is heavy during office hours compared to out of 
office hours. This is due to many people accessing internet 
during office hours compared to out office hours.  In term of 
frames per second, IKONOS data stated the best fps which is 
35.1 fps compared to QUICKBIRD data which is 34.8 fps. 
This condition should be the true condition in normal situation 
where if the data size is bigger, the number of fps should be 
slower. But the different of fps for both data size is very small 
for about 0.3 fps. The different should be grater than this 
value. Other than that, the number of polygon also bigger in 
QUICKBIRD data compared to IKONOS data. This should 
delay the movement of object in fps but it not occurred in this 
experiment. In conclusion, the IKONOS data is good in all 


















































































Original file size (TIFF) 215Kb 832Kb 3,714Kb 79Kb 303Kb 1,115Kb 
VRML file size 85Kb 221Kb 329Kb 69Kb 154Kb 286Kb 
Image File size 294Kb 1.14Mb 1.31Mb 271Kb 673Kb 1.23Mb 
No. of Image Tiles 4 tiles 16 tiles 16 tiles 4 tiles 9 tiles 16 tiles 
Loading time 
(office hours) 7.18sec 29.55sec 30.42sec 11.94sec 14.23sec 30.96sec 
Loading time 













Frame per second 33.2 fps 32.3 fps 34.8 fps 32.5 fps 32.7 fps 35.1 fps 
Terrain visualization  
quality Good Good Good Good Good Good 
No of polygon 457 1197 1759 360 809 1496 
D. Comparison of Data for 34.5 hectares, 69 hectares and 
138 hectares 
The fourth experiment involved by comparing the whole 
criteria of both satellite data. As same as before there are 9 
criteria being compared which is original file size (TIFF), 
VRML file size, Image file size, number of image tiles, 
loading times (office hours and out of office hours), frame per 
second, terrain visualization quality, and number of polygon 
count. Table IV shows the results of all these criteria.  The 
results show that the data file size (original, VRML and Image) 
for IKONOS data is much smaller than QUICKBIRD data. 
Due to these reason, the number of image tiles for 
QUICKBIRD (36 tiles) is higher compared to IKONOS (29 
tiles) when it combined together for three data size. The 
loading time is measure when the file is open online for the 
first time in certain computer. During office hours the loading 
time for QUICKBIRD (average 22.38 sec) is slower than 
IKONOS (average 19.04 sec). The loading during out of 
office hours for IKONOS (average 18.70 sec) is faster than 
QUICKBIRD (average 20.28 sec). It means that the loading 
for IKONOS is better than QUICKBIRD. This is due to many 
aspect such as data file size, number of image tiles, and 
number of polygon count which is greater for QUICKBIRD 
data. The average number of polygon count for QUICKBIRD 
is 1137.67 which are greater than IKONOS stated only 888.33. 
The quality of terrain visualization for both data is equal 
where almost all objects inside the visualization images are 
clearly identified by user. Other than that, to strengthen the 
results discussed in this section, the user can refer to 
Appendix part. The appendix shows six graph which 
portraying the data from Table IV. These six graphs consisted 
of Fig. 12 - Fig. 17. 
IV. CONCLUSIONS 
In conclusion, in order to design effective visualization 
terrain draped with satellite imageries there are many criteria 
need to be consider which is data file size (original, VRML, 
and image), number of images tile, loading time (office hours 
and out of office hours), frame per second, number of polygon 
and visualization quality. After all criteria were compared to 
QUICKBIRD and IKONOS, the authors found that both 
satellite data has almost same quality of terrain visualization 
when it posting online. Both satellite data present the object 
clearly in all three different sizes of data. But in overall the 
IKONOS is the best satellite data could be used for 
visualization online terrain draped with satellite imageries. It 
was very effective because the quality of terrain visualization 
is good as QUICKBIRD although it has 1m resolution. The 
data file size (original, VRML, and imageries) was lower 
make it rendering faster through online where the polygon 
count also less. 
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Fig. 14 Graph of Image File Size for QUICKBIRD and IKONOS Fig. 15 Graph of Loading Times for QUICKBIRD and IKONOS 
 

























































Fig. 16 Graph of Frame per Second for QUICKBIRD and IKONOS Fig. 17 Graph Number of Polygon for QUICKBIRD and IKONOS 
